This literature review is meant to bring to light the controversy over the most accurate method to assess the amniotic fluid volumes (AFV) in diamniotic-dichorionic (di-di) twin gestations. It is hoped that this may initiate consideration of a standardized method so that all sonographers and interpreting physicians will consistently use the same method. There is no definitive standard method for sonographers to obtain an accurate amount of amniotic fluid. Commonly, sonographers and interpreting physicians agree that the most practical and accurate methods for sonographers to use are the amniotic fluid index, largest vertical pocket, and the two-diameter pocket methods. Although these measurements are fast, noninvasive, and relatively consistent in evaluating the relative amount of AFV, only the dye-determined technique is 100% accurate, especially when the AFV is outside the subjective normal ranges and either oligohydramnios or polyhydramnios is present.
Amniotic fluid volume (AFV) assessment is a routine and vital part of antenatal care. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The amniotic fluid index (AFI), largest vertical pocket (LVP), two-diameter pocket (2 DP), and the subjective visual data are used by obstetricians as a gauge of the overall well-being of the fetus and its environment by indicating whether there is too little or too much fluid, oligohydramnios or polyhydramnios, respectively. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Sonographers and interpreting physicians use the results to assess systemic problems associated with amniotic fluid volumes. When oligohydramnios is present, it may be associated with fetal demise, renal agenesis, intrauterine growth restriction (IUGR), postdates, premature rupture of the membranes (PROM), and chromosomal anomalies; collectively, these anomalies are termed DRIPPC. When polyhydramnios is present, it may be associated with neural tube defects, gastrointestinal anomalies, and hydrops. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Twin gestations carry a higher risk of abnormal amniotic fluid volumes, which have been associated with congenital anomalies and perinatal morbidity. 3 Perinatal mortality increases 9-fold for the first twin and 11-fold for the second twin. 5 Watson et al. 7 concluded that the mean AFI was greater for twin gestations compared to singletons and that the data correlated with the LVP method. In another study, Myles et al. 9 showed that in singleton pregnancies with a diabetic patient, there was a correlation between a LVP >6 cm and macrosomia (P < .02), with a sensitivity of 60.0% and a specificity of 91.3%, as well as a false-positive rate of 40% and a falsenegative rate of 8.7%. For all of these reasons, twin gestations result in a higher risk and are more closely monitored by obstetricians and sonographers.
When obtaining a measurement of the amniotic fluid, the dividing membrane should be taken into consideration, whether measuring the AFI in each of the four quadrants or the LVP on each side of the membrane within each separate sac. Figure 1 shows the sagittal view of both membranes in the upper uterus, proving a diamniotic twin gestation. In either case, the largest pocket is always the one measured and reported. [1] [2] [3] [4] 7 The AFI, LVP, and 2 DP methods are consistent methods of evaluating the relative amount of AFV and are the quickest noninvasive, semiquantitative methods that sonographers have to objectively assess the amount of amniotic fluid in singleton and twin gestations. 1, 2, 3, 7 The AFI, LVP, 2 DP, and the subjective visual methods are not as accurate as the time-consuming and invasive dye-determined technique, especially when the amount of fluid is outside the subjective normal ranges or when oligohydramnios or polyhydramnios is present in either of the gestational sacs. [1] [2] [3] [4] Because there is no definitive standard method for sonographers to measure the exact amount of amniotic fluid, and the method varies from site to site, it is up to the sonographer and the interpreting physician to agree on the method used to obtain an assessment of the amniotic fluid.
Normal AFV
Many studies have concluded that the amount of amniotic fluid in each sac of a twin gestation is essentially the same as in a singleton sac. 4, 5 Therefore, the normal ranges of AFV for singleton gestations have traditionally been used for determining normal volumes in diamniotic-dichorionic (di-di) twin gestations. The di-di amniotic fluid volume criterion is basically the same as for singleton gestations, with the range for oligohydramnios <318 mL and the range for polyhydramnios >2100 mL. 4, 5 Within each method of measuring amniotic fluid, there are ranges for normal, oligohydramnios, and polyhydramnios, as well as varying degrees of accuracy as determined by comparison to the dyedetermined method.
Most studies have been conducted by obstetricians and published in obstetrical journals rather than in sonographic journals. This might suggest that there is an opportunity for further inquiry into this topic by sonographers and sonologists. In all of the obstetrical cases, none of the amniotic sacs studied showed evidence of chorioamnionitis, IUGR, or twin-twin transfusion syndrome (TTTS), and the dividing membrane was taken into consideration for each pocket of the sonographic measurements. [1] [2] [3] [4] [5] 11 The obstetricians 1-11 concluded the following: (1) the AFVs in di-di twin gestations are very similar to singleton gestations, (2) fetal position and weight had no influence on the fluid volume, (3) the AFV of 90% of the sacs ranged between 215 and 2500 mL, and (4) each sac's volume is independent of the other, and the fluid of one twin does not affect the fluid of the other twin. 5 The studied gestational ages ranged between 27 and 38 weeks, and the AFVs were found to be constant and ranged from 155 to 5430 mL, with a mean volume of 877 ± 860 mL for diamniotic twins. 4, 5 
Four-Quadrant Summated AFI Method
The uterus is divided into right and left sides by the linea nigra and then into upper and lower halves by the umbilicus, resulting in four quadrants. [1] [2] [3] [4] [5] [6] [7] The summated AFI is obtained by measuring the largest vertical pocket of fluid in each of these quadrants while ensuring no fetal limbs or the umbilical cord are included in the measurement. [1] [2] [3] [4] [5] [6] [7] Figure 2 shows the right lower quadrant (RLQ) pocket of 4.96 cm, measured with the membrane taken into consideration.
The measurements are totaled and recorded in centimeters to obtain the index of the overall volume of fluid in the uterus. [1] [2] [3] [4] [5] [6] [7] 11 Fetal movement within each sac during the AFI assessment can change the quantitative results of the examination. At any moment, the fetus can move an arm or leg or turn over, resulting in fluid being displaced to another area within the sac, which can change the amount of fluid in that quadrant of the uterus.
The established range is 0 to 5 cm for oligohydramnios and >20 cm 2 for polyhydramnios; the normal range is 5 to 20 cm. These ranges will vary depending on the preference of the interpreting physicians, at various sites. These accuracy ranges were determined by comparing the summated four-quadrant method to the dye-determined method. The accuracy rate is 81% to 100% for normal fluid, 7% for oligohydramnios, and 0% for polyhydramnios. 1, 2, 4 The AFI method has a sensitivity of 13% and a specificity of 100% (P < .01). 1
Largest Vertical Pocket
This value is obtained by measuring the largest vertical pocket of fluid at right angles to the uterine contour in each sac of each fetus while taking into account the membrane that divides them. [2] [3] [4] 7 Figure  3 shows the 6.47-cm LVP in baby A's sac. Figure 4 shows the 5.43-cm LVP in baby B's sac. Both images show the dividing membrane taken into consideration for the LVP measurement and also show that the hydrostatic pressure is greater in A depth range of 0 to 2 cm is considered oligohydramnios, a depth range of 2 to 8 cm is considered normal, and a depth range >8 cm is considered polyhydramnios. 2 The LVP method had an accuracy of 81% to 98% for normal AFVs compared to volumes obtained by the dye-determined method, but when oligohydramnios or polyhydramnios was present, this method overestimated the lower volumes by 89% and underestimated the higher volumes by 54%. 5 Watson et al. 7 concluded that a pocket ≥8 cm was found in 17 out of 174 cases (9.8%) of normal twin sacs within 26 to 32 weeks' gestation, and this study reemphasizes the value of amniotic fluid assessment in twin gestations. The LVP method is a qualitative, one-dimensional assessment of a three-dimensional volume; therefore, this method alone cannot accurately assess the total amniotic fluid volume in diamniotic twin gestations. 2 This method is the fastest and most commonly used method by sonographers and interpreting physicians.
Two-Diameter Pocket
This measurement is obtained by measuring the vertical depth multiplied by the horizontal diameter of the largest pocket, identified with the transducer at a right angle to the uterine contour. [2] [3] [4] This method accurately identified 83% of the normal AVFs and was more accurate in identifying oligohydramnios at 57%, but it also identified more normal fluid volumes as being oligohydramnios (P = .002 2 ; 3.31% ± .12% 3 ; sensitivity 61% 4 ). The volume range for oligohydramnios is 0 to 5 cm 2 , the range for normal is 15 to 50 cm 2 , and the range for polyhydramnios is >50 cm 2 , with an accuracy rate of 0%. [2] [3] [4] The two-diameter method is a qualitative, two-dimensional assessment of a three-dimensional volume; therefore, this method alone cannot accurately assess the total AFV in diamniotic twin gestations. 2
Subjective Visual Evaluation
This method is a visual assessment of the fluid in each sac but without any measurements of the amount of fluid. 2 The accuracy range for normal is 93% to 97%, and the range for oligohydramnios and polyhydramnios is 7% to 29%; hence, the subjective visual accuracy rate is similar to the sonographically measured AFI and LVP methods. 2 A visual assessment of the hydrostatic pressure in each sac can be seen when the membrane of one sac balloons into (toward) the other sac, as seen in Figures 2 to 4 . This can be particularly important in TTTS, which occurs in about 5% of monochorionic twin pregnancies. This method of assessing the amniotic fluid volume is usually done by experienced sonographers and sonologists because it is a subjective assessment of the relative quantity of fluid, and the accuracy depends on the experience of the sonographer and interpreting physician. 
Dye-Determined Method
The dye used most commonly is aminohippurate sodium because it does not cross the placenta, diffuses quickly, and has no adverse affect on the fetus. 1, 2, 4 Sonographic monitoring is used while 2 mL of aminohippurate is injected into each sac over 5 minutes, so that the solution gets mixed thoroughly. After 20 minutes, 3 mL of amnioticaminohippurate fluid is withdrawn from each sac and frozen at -20°C, then assayed for aminohippurate concentrate via the diazo-die reactionspectophotometric technique of Charles and Jacoby to determine amniotic fluid volumes. 1, 2, 4, 5 The accuracy rate of this method is 100% (P < .001). 1, 2, 4, 5 The dye dilution method is time-consuming and requires an amniocentesis of each sac, to check for lung maturity and to detect chorioamnionitis. The dye-determined method has disadvantages, which include being an invasive and time-consuming procedure requiring constant sonographic monitoring to ensure that no fetal parts are punctured by the needle, and has a high inherent loss risk that is associated with all invasive procedures; it also requires a laboratory's involvement in the procedure. This method is the best from a researcher's perspective, but it is not the preferred method from the clinical perspective because of the invasiveness and the inherent high loss risk factors.
Conclusion
Even though the AFI, LVP, and 2 DP are semiquantitative evaluations and not as accurate as the dye-determined method, sonographers predominately use the AFI, LVP, and 2 DP methods of accessing the AVF in di-di twin gestations because there is no industry standard that is as quick and noninvasive. The dividing membrane should always be taken into account when obtaining a measurement of the amniotic fluid volume, no matter what method is used to obtain the data.
The AFI, LVP, 2 DP, and the subjective visual methods of obtaining a sonographic assessment of the AFVs in a di-di twin gestation do not accurately show the differences between the two sacs and thus are only limited evaluations of each sac; therefore, they cannot accurately rule out oligohydramnios or polyhydramnios in all di-di twin gestations. The dye dilution method is the only method so far that accurately evaluates the fluid in each sac but carries a high loss risk because of the invasiveness of the procedure.
To date, there are no definitive standardized methods that sonographers and interpreting physicians have to accurately assess the AFVs in di-di twin gestations, and current methods used to obtain the necessary diagnostic information vary from site to site. If there were a standardized and noninvasive sonographic method for obtaining an accurate assessment of the AFVs in di-di twin gestations, sonographers could more readily facilitate the diagnostic requirements of obstetricians as they care for their patients. 
